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Summary
A total of 144 finishing pigs (72 barrows and 72 gilts, initially 85 lb) were used to determine the effects of calcium to total phosphorus (Ca:P) ratio in diets containing phytase on growth performance, carcass characteristics, and bone ash percentage. Pigs were housed in an environmentally regulated finishing building with two pigs per pen and six pens per sex per treatment in a randomized complete block design. Pigs were blocked by initial weight and sex, and then allotted to one of six dietary treatments.
The dietary treatments were corn-soybean meal-based diets fed in three phases. In each phase, diets consisted of a 0.75:1; 1:1; 1.25:1; 1.5:1, and 2:1 Ca:P ratio. A sixth treatment group was a diet containing 77% of the total P as the other treatment diets. Diets were formulated to contain 0.44%, 0.39%, and 0.34% total phosphorus and 0.15%, 0.12%, and 0.07% available phosphorus from d 0 to 28, 28 to 57, and 57 to 76, respectively. All diets contained 0.05% phytase, providing 300 FTU/kg in order to achieve equivalent available phosphorus values of 0.23%, 0.19%, and 0.15%. For the overall experiment, increasing Ca:P ratio decreased (linear, P<0.03) ADG and F/G. However, the greatest decrease in ADG and F/G was observed when Ca:P ratio increased from 1.5:1 to 2:1. Daily feed intake was not affected by Ca:P ratio. There was no difference in backfat thickness for pigs fed Ca:P ratios between 0.75:1 and 2.0:1 (P<0.17). However, pigs fed the negative control diet had reduced backfat thickness (P<0.05) compared to the other pigs. Bone ash percentage was not affected (P<0.23) by Ca:P ratio. These results suggest that in finishing diets containing 300 FTU/kg phytase, a Ca:P ratio greater then 1.5:1 will decrease ADG and ADFI.
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Introduction
Phytase releases phytic phosphorus from plant-based feedstuffs, which increases dietary P absorption and utilization and reduces the need for inorganic phosphorus supplementation. It has been widely demonstrated that dietary supplementation with phytase is effective in making phytate-bound P nutritionally available to growing pigs. Supplemental phytase in swine diets has resulted in improved growth performance and bone mineralization by increasing digestibility and retention of P and Ca. Because phytase use reduces P excretion and the levels of P in the environment, its use has been more widespread.
When formulating diets with phytase, the reduction in P results in a widening of the Ca:P ratio if the amount of limestone that is generally added is not also adjusted. Other research has shown that high dietary Ca concentrations increase the formation of an insoluble Ca-phytate complex and/or the reduction of phytase activity. Research conducted using weanling pigs showed that narrowing the dietary Ca:tP ratio from 2.0:1 to 1.2:1 led to an approximate 16% increase in phytase efficacy, thus, improving performance, digestibility, bone measurements, and serum Ca levels. It has also been demonstrated that growth performance and P utilization were increased by lowering the Ca:tP ratio from 1.5:1 to 1.0:1 in low-P corn-soybean meal diets supplemented with microbial phytase in grow-finish pigs.
Therefore our objective was to determine the optimum calcium to total phosphorus ratio in diets containing phytase on growth performance, carcass characteristics, and bone ash percentage in finishing pigs.
Procedures
One hundred forty-four pigs (72 barrows and 72 gilts; PIC 327 × C22) averaging 85 lb were used in this study. Pigs were housed in an environmentally regulated finishing building with two pigs per pen and twelve pens (5 × 5ft) per sex per treatment (six pens of barrows and six pens of gilts) in a randomized complete block design. Pigs were blocked by initial weight and sex, and then randomly allotted to one of the six dietary treatments. Feed and water were provided ad libitum.
The six dietary treatments consisted of calcium to total phosphorus ratios of 0.75:1; 1:1; 1.25:1; 1.5:1, and 2:1. A sixth treatment group was formulated to contain 77% of the total P of the other treatment diets and was the negative control in this study. Soybean meal, vitamin premixes, antibiotic, Natuphos 600, monocalcium phosphate, trace mineral pre-mix, and limestone were analyzed for percentage calcium and phosphorus. These values were then used in diet formulation. Diets were fed in meal form in three phases, 28, 28, and 19 days in length, respectively, that corresponded to approximately 70 to 130 lb, 130 to 190 lb, and 190 to 250 lb, respectively. The same Ca:P ratios were used in each phase. Diets were formulated to contain 1.10%, 0.90%, and 0.75% total dietary lysine, and 0.44%, 0.39%, and 0.32% total phosphorus (0.15, 0.11, and 0.07 calculated available P) for phases 1, 2, and 3, respectively. The negative control diet was formulated to contain 0.39%, 0.33%, and 0.30% total P which corresponded to 0.11%, 0.07%, and 0.05% available phosphorus. Natuphos was added to all diets to provide 300 FTU/kg in order to achieve equivalent available phosphorus values of 0.23%, 0.19%, and 0.15% for phases 1, 2, and 3, respectively. Diets were analyzed for dry matter, crude protein, calcium, and phosphorus.
Individual pig weights were taken and feed disappearance were measured every 14 d to calculate ADG, ADFI, and F/G. At the end of the study, pigs were marked with an individual tattoo to allow for individual carcass data to be collected at marketing. All pigs were sent to Downs, Kansas, for individual carcass data collection (i.e., carcass weight and backfat thickness). The experiment was conducted from December to February.
Results and Discussion
From d 0 to 28, increasing Ca:P ratio decreased (linear, P<0.001), ADG and F/G, but did not affect (P>0.82) ADFI. The greatest decrease in performance was observed when the Ca:P ratio increased from 1.5:1 to 2.0:1. There was no difference between pigs fed the negative control and the mean of all other Ca:P ratio treatments for either ADG, ADFI, and F/G. In addition, barrows had greater (P<0.001), ADG, and ADFI compared to gilts, but F/G was not affected (P>0.91). From d 28 to 57, increasing the Ca:P ratio decreased (quadratic, P<0.04) ADG and F/G, but did not affect ADFI (P>0.14). Again, like d 0 to 28, the greatest change in performance was observed when Ca:P ratio increased from 1.5:1 to 2.0:1. Barrows had greater (P<0.0001), ADG and ADFI then gilts, with no difference (P>0.15) in feed efficiency. There were no differences between pigs fed the negative control and the other diets for ADG, ADFI, and F/G. From d 57 to 76 increasing the Ca:P ratio decreased ADFI (quadratic, P<0.02) but, did not affect (P>0.13), ADG and F/G. As in d 0 to 28 and 28 to 57 there were no differences between pigs fed the negative control and the mean of the other Ca:P ratios for either ADG, ADFI, and F/G. Barrows had greater (P<0.05), ADG and ADFI than gilts, while gilts had improved F/G (P<0.01) compared to barrows.
For the overall study, increasing the Ca:P ratio decreased (linear, P<0.003), ADG and F/G, with no affect on ADFI (P>0.42). Similar to the response in both phase 1 and 2, the greatest changes in ADG and F/G occurred when the Ca:P ratio increased from 1.5:1 to 2.0:1. As in each of the growth periods there were no differences between pigs fed the negative control and the mean of the other Ca:P ratio treatments for ADG, ADFI, or F/G. Furthermore, barrows had a greater (P<0.001), ADG and ADFI than the gilts, while the gilts had an improved F/G (P<0.03) compared to the barrows.
Increasing the Ca:P ratio decreased the final live animal weight (linear, P<0.003) but, did not affect carcass weight (P<0.11). Also, barrows had higher (P<0.05) carcass weight and backfat thickness compared to gilts. There was no difference in backfat thickness for pigs fed Ca:P ratios between 0.75:1 and 2.0:1 (P<0.17). However, pigs fed the negative control had reduced backfat thickness (P<0.05) compared to the other pigs. In addition bone ash percentage was not affected (P<0.23) by Ca:P ratio or gender.
When comparing pigs fed the negative control to the mean of the other Ca:P ratio treatments, there are no differences, due mostly to the low values of pigs fed the 2:1 Ca:P ratio. However, throughout the study, ADG and F/G of pigs fed the negative control diets are numerically poorer than pigs fed the optimal Ca:P ratios (1.25:1 and below). The negative control treatment was included in the experiment to ensure our dietary phosphorus levels were not above the pig's requirement. If we were well above the pigs requirement for phosphorus in our diets this would affect our interpretation.
In conclusion, these results suggest that increasing the calcium to total phosphorus ratio above a 1.5:1 ratio in a corn-soybean mealbased diet containing 300 FTU/kg phytase for growing finishing pigs can have a negative effect on growth performance, carcass traits, and bone ash percentage. 
